Background: Open canal hearing instruments differ in method of sound delivery to the ear canal, distance between the microphone and the receiver, and physical size of the devices. Moreover, RITA (receiver in the aid) and RITE (receiver in the ear) hearing instruments may also differ in terms of retention and comfort as well as ease of use and care for certain individuals. What remains unclear, however, is if any or all of the abovementioned factors contribute to hearing aid outcome.
A n open canal, behind-the-ear (BTE) hearing instrument is typically smaller than a traditional BTE and is coupled to the listener's ear canal via a nonoccluding thin tube or wire-to-receiver mechanism for sound delivery. Open canal instruments are designed for listeners with normal to mild lowfrequency hearing loss sloping to a moderately severe high-frequency hearing loss (Kuk and Baekgaard, 2008) . Prior to the introduction of open canal instruments, listeners with the aforementioned hearing sensitivity commonly complained of excessive low-frequency amplification when fit with a traditional occluding hearing instrument (Wimmer, 1986) . This complaint was largely linked to the occlusion effect. Simply stated, the occlusion effect is the result of the increase in sound-pressure level in the external ear canal when osseotympanic sounds are unable to escape due to an occluding earmold or hearing instrument (Martin, 2006) , thereby creating unsatisfactory own-voice quality.
Reduced size and the ability to successfully manage occlusion have increased the popularity of open canal instruments with patients and clinicians alike. In fact, 50% of the hearing instruments sold within the United States of America in 2007 were behind-the-ear hearing instruments (Kuk and Baekgaard, 2008) , with open canal instruments constituting 15% of those instruments fitted (Hoen and Fabry, 2007) . With increasing popularity, manufacturers now have several open canal models available within their product lines; however, criteria for selecting the most appropriate open canal model for a given patient remain unclear.
Open canal instruments are available in two different forms. Receiver-in-the-aid (RITA) hearing instruments house the receiver in the aid and deliver amplified sound into the external ear canal via a small thin tube. Conversely, receiver-in-the-ear (RITE) hearing instruments place the receiver in the external ear canal and are coupled to the ear via an integrated wire/speaker (receiver) unit. Both open canal styles provide comparable fitting ranges and can employ a variety of signal processing strategies. Furthermore, directional microphone technologies and digital noise reduction algorithms are available in each style, and aggressive feedback cancellation systems are typically employed in order to maximize overall user gain. Thus, the primary difference between RITA and RITE instruments is the physical location of the receiver.
Research evaluating open canal instruments is limited and has primarily examined RITA or RITE instruments in isolation (Hallenbeck and Groth, 2008; Klemp and Dhar, 2008; Valente and Mispagel, 2008) or has compared open canal instruments to more traditional occluding hearing instruments (Hoen and Fabry, 2007; Kuk and Baekgaard, 2008) . Results of these studies indicate that each instrument type provides positive outcomes (Mueller, 2006; Mueller and Ricketts, 2006) and can significantly reduce complaints of occlusion associated with more occluding instruments (Taylor, 2006) . To our knowledge, research has not directly compared outcomes between RITA and RITE instruments, despite the fact that receiver location could significantly impact hearing instrument outcome for a given listener. As a result, clinicians are forced to select open canal style on a somewhat arbitrary basis.
Frequency response characteristics can differ between RITA and RITE hearing instruments. With RITA instruments, sound must be conducted via tubing from the receiver within the instrument to the ear canal. This transfer will cause resonance effects within the output that creates peaks in the frequency response (Hoen and Fabry, 2007) . Peaks in the frequency response can be especially troublesome to those with sensorineural hearing loss due to the upward spread of masking (Jerger et al, 1960; Trees and Turner, 1986; Gagne, 1988) . The upward spread of masking occurs as a peak's intensity is raised and there is a considerable spread of masking upward in frequency. As a result, energy at the frequencies above the peak in the response could be masked, thereby degrading speech intelligibility in quiet or in noise dependent upon where the peak occurred (Gelfand, 2004) . In fact, van Buuren et al (1996) demonstrated that embedded peaks within the overall frequency response degraded speech intelligibility in listeners with impaired hearing.
Conversely, RITE hearing instruments deliver sound directly from the receiver within the ear canal and tend to have a smoother frequency response (Hoen and Fabry, 2007, Hallenbeck and Groth, 2008; Kuk and Baekgaard, 2008) and broader bandwidth than RITA hearing instruments (Kuk and Baekgaard, 2008) . Reducing peaks within the frequency response should reduce upward spread of masking effects, thereby potentially improving speech intelligibility and sound quality as the overall smoothness of the frequency response of a hearing instrument is correlated with subjective sound quality (van Buuren et al, 1996; Hoen and Fabry, 2007) . Consequently, RITE instruments may be preferred over RITA instruments for some listeners due to improved speech intelligibility and improved subjective sound quality associated with smoother, broader frequency responses.
All open canal instruments are at risk for feedback due to the open nature of the instruments. Feedback within an acoustical system is caused by the re-amplification of sound (Dillon, 2001) . A direct, mechanical path for feedback within an amplification device is formed when the microphone and the receiver are in close proximity to each other (Hoen and Fabry, 2007) . Aside from microphone and receiver proximity, open canal instruments also allow for a more direct feedback pathway; as the amplified signal is not attenuated by an occluding material (earmold) within the ear canal (Hallenbeck and Groth, 2008) . Although the distance between the microphone and the sound outlet in the ear canal are the same between RITA and RITE instruments, RITE instruments increase the distance between the microphone and receiver. Consequently, RITE instruments may demonstrate a natural improvement in resistance to feedback (Hoen and Fabry, 2007) . Ross and Cirmo (1980) demonstrated that moving the receiver from a BTE hearing instrument to the ear canal (within a full concha earmold), increased the maximal attainable output before feedback by 7 to 13 dB. Hallenbeck and Groth (2008) investigated the effects of receiver placement on the amount of gain before feedback in RITA and RITE instruments. Although no significant difference was observed for the overall maximum gain before feedback between the two instruments, the maximum gain before feedback was significantly greater (5 dB) at 2000 and 6000 Hz for the RITE response than the RITA response. Consequently, differences in attainable output between RITA and RITE instruments may impact the ability of achieving sufficient high-frequency amplification, particularly in cases of more severe loss, which could significantly affect performance or preference for a given user.
Subjective factors may also influence a patient's satisfaction with open canal devices. For example, RITE instruments directly expose the receiver to elements within the ear canal whereas the thin tube used with RITA instruments can be easily cleaned of moisture and debris. In addition, RITA instruments typically have a retention piece that fits within the concha to hold the tube within the canal. Consequently, RITA instruments may be preferred due to greater ease of use and care as well as greater comfort and retention when compared to RITE instruments. On the other hand, RITE instruments are typically smaller than RITA instruments since the receiver is not housed within the instrument. Further, RITE instruments typically do not offer a T coil or direct audio input and may possibly utilize a smaller size battery, thus allowing for a smaller instrument. As a result, RITE instruments may be preferred cosmetically to RITA instruments. However, RITE instruments typically occupy more space in the ear canal than RITA devices due to the diameter of the actual receiver. Consequently, RITE instruments may result in more occlusion, more discomfort, or both when compared to RITA instruments. Therefore, it is possible that differences in subjective measures between RITA and RITE instruments may affect preference for a given user.
In summary, open canal hearing instruments differ in terms of method of sound delivery to the ear canal, distance between the microphone and the receiver, and physical size of the devices. Moreover, RITA and RITE hearing instruments may also differ in terms of retention and comfort as well as ease of use and care for certain individuals. What remains unclear, however, is if any or all of the abovementioned factors contribute to hearing aid outcome. Therefore, the purpose of this research was to determine the effect of receiver location on performance and/or preference of listeners using open canal hearing instruments. The following research questions were addressed:
1. Does receiver location affect measures of occlusion and/or maximum gain before feedback? 2. Does receiver location affect measures of speech perception in quiet and/or in noise? 3. Does receiver location affect subjective performance and/or listener preference? 4. Are receiver location effects related to previous open canal hearing aid experience?
METHODS

Participants
Twenty-five adults (18 males, 7 females; mean age 67 yr; SD 9 yr) participated in this experiment. The criteria for inclusion included: (1) sensorineural hearing impairment consistent with the available fitting range of the test hearing instruments to be used; (2) native English speakers with no known neurological, cognitive, or learning deficits as reported by the subjects (Figure 1 ). Fifteen participants had no previous hearing instrument experience while 10 participants had previous experience with open canal hearing instruments (4 RITA and 6 RITE). All qualification and experimental testing was conducted in a sound-treated examination room (Industrial Acoustic) with ambient noise levels suitable for testing with ears uncovered (American National Standards Institute, 1991) . This study was approved by the institutional review board at the University of Tennessee, and all participants signed an informed consent form before participation in the study.
Hearing Instruments
The RITA hearing instrument utilized in this research was the Bernafon ICOS 106 BTE DM. The ICOS is an open canal hearing instrument in which the receiver unit is placed in the casing of the hearing instrument. Thin, preformed, unfiltered tubing delivers the sound from the hearing instrument to the ear canal with an open dome (thin plastic dome with holes on the sides; not a custom ear mold/micro mold product) attached at the end. A support wire/tube extends into the concha to assist with retention of the tube and open dome within the ear canal. The RITE hearing instrument utilized in this research was the Bernafon BRITE 503 RITE DM. The BRITE is an open canal hearing instrument in which Effects of Receiver Placement/Alworth et al the interchangeable receiver unit is placed in the ear canal. The hearing instrument is connected to the receiver using encased wiring, and a flexible bend assists with retention of the receiver in the canal.
The ICOS and the BRITE each utilized sevenchannel wide dynamic range compression. Both hearing instruments had identical signal processing, and features such as directional microphones, digital noise reduction, and expansion were deactivated throughout all experimental testing in order to investigate the effects of receiver location only. Adaptive feedback cancellation was activated in all fittings in order to maximize high-frequency amplification. From this point forward, the ICOS and BRITE devices will be referred to as the RITA and RITE respectively.
Each participant was fit binaurally with RITA and RITE instruments. Audiometric data and uncomfortable loudness level data were used to program each hearing instrument using the NAL-NL1 fitting strategy (Byrne et al, 2001 ). The use of this prescription allowed comparative examination of our results to previous findings using similar devices (Klemp and Dhar, 2008) . The compression parameters were determined by the Bernafon software and varied from participant to participant based on their audiometric data and their resulting in situ targets. Each participant utilized each hearing instrument style for a six-week trial period. For one trial period, RITA hearing instruments were programmed to match NAL-NL1 targets. For the other trial period, RITE hearing instruments were programmed to match NAL-NL1 targets. The dome size used was consistent between trials for each participant. The initial amplification condition was counterbalanced between the participants.
Hearing Instrument Fitting
Binaural probe microphone measures were obtained before and after each trial period to verify consistent hearing instrument function during the trial periods for each amplification condition (RITA and RITE). Probe microphone measures were conducted on each ear to verify match to NAL-NL1 targets (Byrne et al, 2001 ) (66 dB from 500 to 4000 Hz) using the Audioscan (Verifit) Verifit Open fittings with Speechmap function at 55, 65, and 75 dB SPL (Figures 2-4) . Probe microphone insertion depth was 30 mm as recommended by Audioscan (Verifit). Output levels in the external ear canal were measured over the frequency range of 250 to 6000 Hz and were stored on a personal computer for subsequent data analysis. Similar in situ responses were obtained before and after each trial period, verifying consistent hearing instrument function during each trial period for all participants. Posttrial probe microphone measures averaged across ears for the 25 participants for each hearing instrument condition revealed similar match to target at each intensity level.
Probe Microphone Measures
Occlusion Effect
Objective measures of occlusion were obtained via probe microphone measurement at the end of each six-week trial per ear for each participant. The objective occlusion effect was determined with the participant vocalizing the vowel "ee" at 60 dBA. The participant's speech level was verified and monitored using a sound level meter located 1 m from the participant. Probe microphone measures were obtained utilizing the Audioscan (Verifit) system for the open ear (no hearing instrument) and occluded ear (hearing instrument inserted but deactivated) conditions. Output levels at 
Maximum Gain before Feedback
The maximum gain before feedback was determined via probe microphone measurement at the end of each six-week trial per ear for each participant. To determine the maximum gain before feedback, a probe microphone measurement was obtained using pink noise at 65 dB SPL (baseline). This measure revealed adequacy to NAL-NL1 target match for comfortable input levels. A second probe microphone measurement was then obtained while the examiner systematically increased the overall hearing instrument gain until feedback was audible to either the participant or the examiner. As the gain of the device was increased, the investigator announced the gain setting (e.g., 8, 9, 10, etc.), and the participant indicated the gain setting at which feedback was noted. Gain was then reduced in each hearing instrument to a setting void of feedback, and the second probe microphone measurement was then obtained (maximum attainable output). Output levels at the tympanic membrane measured over the frequency range of 250-6000 Hz for each measurement were stored on a personal computer for subsequent data analysis. The maximum gain before feedback (i.e., the amount that the gain could be increased before feedback) was determined by subtracting the baseline response from the maximum attainable output response at each frequency for each ear.
Performance Measures
Stimuli
The Connected Speech Test (CST) (Cox et al, 1987; Cox et al, 1988) , Hearing in Noise Test (HINT) (Nilsson et al, 1994 ), Pascoe's High Frequency Word List (Pascoe's HFWL), and Acceptable Noise Level (ANL) test (Nabelek et al, 2004) served as the test stimuli. The CST is a sentence recognition test using everyday connected speech. The CST consists of 28 pairs of passages (24 test and 4 practice pairs), and each passage pair contains 50 key words. Each passage pair is equivalent in difficulty for listeners with normal hearing (Cox et al, 1987) and hearing-impairment (Cox et al, 1988) when presented in background noise or in quiet (Boike and Souza, 2000) . The recommended key word method of scoring was utilized to determine the percentage of key words correctly identified for each participant.
The HINT consists of 25 lists of ten English sentences. An adaptive procedure was utilized to determine the sentence reception threshold in terms of speechto-noise ratio for each participant using sentence blocks. The HINT protocol utilized in the present study reflects a slight modification of the original HINT protocol in that noise levels were varied, and speech levels remained fixed, and background noise was presented from 0º azimuth. This ensured that speech levels were consistent between the CST and the HINT stimuli.
Pascoe's HFWL consists of four lists of 50 monosyllabic words that emphasize phonemes that are difficult for listeners with impaired hearing to identify (Pickett et al, 1970) . Three vocalic nuclei are used, and voiceless fricatives and voiceless plosives form 63% of the number of consonant sounds. The remaining consonant sounds are nasals, laterals, and voiced plosives. Given the Effects of Receiver Placement/Alworth et al audiometric configuration of the participants (Figure 1) , it was hypothesized that Pascoe's HFWL may be more sensitive to the effects high-frequency amplification with the open-canal devices under test than other speech stimuli.
A recording of male running speech (Arizona Travelogue, Cosmos Inc.) and multitalker babble (Revised Speech Perception in Noise, Kalikow et al, 1977) served as the stimuli for evaluating acceptance of background noise. An adaptive presentation was utilized to determine the most comfortable listening level (MCL) for speech and the maximum acceptable background noise level (BNL) for each participant. The difference between the MCL for speech and the BNL served as the acceptable noise level (ANL) for each participant (see Freyaldenhoven et al [2005] for review).
Protocol
Objective evaluations were conducted without hearing instruments (unaided) and at the end of each sixweek trial period for each participant. All speech stimuli and background noise were produced by a CD player and routed through a two-channel diagnostic audiometer (GSI-61) to a loudspeaker located at 0˚azimuth in the sound-treated examination room. The output levels of the speech stimuli and background noises were calibrated at the vertex of the listener and checked periodically throughout the experiment.
Participants were seated 1 m from the loudspeaker located in the sound-treated room. Speech recognition in quiet was assessed using the CST and the Pascoe's HFWL presented at 65 dB SPL. Although the CST is typically conducted using a fixed signal-to-noise ratio, no background noise was utilized during part of the objective evaluation in order to evaluate the effects of each hearing instrument fitting (RITA and RITE) in a quiet setting. Two CST passage pairs (100 key words) and two Pascoe's HFWL trials were administered in quiet during each evaluation session, and scores for the two were then averaged. The average of the two trials served as the CST and Pascoe's HFWL score in quiet for that participant in the given session.
Speech recognition in noise was evaluated using the HINT (adaptive) and the Pascoe's HFWL (fixed 5 dB speech-to-noise ratio). The HINT and the Pascoe's HFWL were administered using a speech level of 65 dB SPL. Two HINT trials and two Pascoe's HFWL trials were conducted during each evaluation session. An average of the scores for the two trials served as the HINT and Pascoe's HFWL score for that participant in the given session.
Acceptance of noise was assessed using the ANL test. Two ANL trials were conducted during each evaluation session. An average of the scores for the two trials served as the ANL value for that participant in the given session. Prior to data collection, an experimental schedule was generated for each participant listing a completely randomized assignment for test order, CST passage in quiet, HINT sentence list, and Pascoe's HFWL word list in quiet and in noise.
Subjective Measures
Abbreviated Profile of Hearing Aid Benefit (APHAB) Subjective evaluations were evaluated by administering the Abbreviated Profile of Hearing Aid Benefit (APHAB) (Cox and Alexander, 1995) 
Satisfaction Ratings
Each participant also completed satisfaction ratings during each six-week period they used the hearing instruments before they returned to the laboratory (Appendix 1). Participants rated their satisfaction regarding (1) sound quality, (2) appearance, (3) retention and comfort (4) speech clarity, and (5) ease of use and care using a five-point scale (1 5 extremely unsatisfied, 3 5 neutral, 5 5 extremely satisfied). Satisfaction ratings were conducted twice a week for each six-week trial period; therefore, each participant rated each instrument a total of 60 times for each trial period (2 ratings 3 6 wk 3 5 items).
Listener Preference
At the conclusion of the study, each participant was asked to indicate which hearing instrument they preferred when listening in quiet, in noise, and overall. Participants then rank ordered (1-5) the importance the following factors had on determining overall preference: (a) sound quality, (b) appearance, (c) retention and comfort, (d) speech clarity, and (e) ease of use and care (Appendix 2). All participants were given the hearing instruments that they preferred upon completion of the study for their time and participation.
RESULTS
Probe Microphone Measures
Occlusion Effect
Occlusion effect measurements obtained using RITA and RITE instruments were averaged across ears for the 25 participants ( Figure 5 ). When averaged across frequency, the mean occlusion effect was 20.209 for the RITA and 0.367 dB for the RITE instruments. A two-way repeated measures analysis of variance (ANOVA) was conducted to determine if the occlusion effect differed when using RITA versus RITE instruments. The dependent variable was the occlusion effect value. The within-subject factors were device type with two levels (RITA and RITE) and frequency with nine levels (250, 500, 750, 1000, 1500, 2000, 3000, 4000, and 6000 Hz). The analysis revealed a significant main effect for frequency; however, no significant effects were evident for instrument type or the instrument type by frequency interaction (Table 1) .
Examination of Figure 5 revealed that positive occlusion was primarily below 1500 Hz; therefore, occlusion data were averaged from 250 to 1500 Hz per ear for each device and reanalyzed. When averaged from 250 to 1500 Hz, the mean occlusion effect was 0.664 for the RITA and 2.040 dB for the RITE instruments. A one-way repeated measures ANOVA was then conducted using these occlusion effect values to determine if the occlusion effect differed when using RITA versus RITE instruments. The analysis was not significant [F(1,49) 5 2.056, p . 0.05, partial h 2 5 0.05, Ω 5 0.342]. The results of these analyses indicated that the occlusion effect was not significantly different when using RITA versus RITE devices at any frequency.
Maximum Gain before Feedback
The maximum gain before feedback values obtained using RITA and RITE instruments were averaged across ears for the 25 participants ( Figure 6 ). When averaged across frequency, the mean reserve gain before feedback was 12.4 for the RITA and 14.096 dB for the RITE instruments. A two-way repeated measures ANOVA was conducted to determine if the reserve gain before feedback differed when using RITA versus RITE devices. The dependent variable was the reserve gain before feedback value. The within-subject factors were instrument type with two levels (RITA and RITE) and frequency with nine levels (250, 500, 750, 1000, 1500, 2000, 3000, 4000, and 6000 Hz). The analysis revealed a significant main effect for frequency as well as a significant instrument type by frequency interaction; however, the instrument type main effect was not significant (Table 1) . Paired samples t-tests were conducted to further investigate the instrument type by frequency interaction controlling for family-wise error rate across the tests at the 0.05 level, using the Holm's sequential Bonferroni procedure (Table 2) . Results indicated that the reserve gain before feedback was significantly greater at 4000 and 6000 Hz for the RITE instruments than the RITA instruments.
Performance Measures
Prior to statistical analysis, individual percent-correct scores were converted to rationalized arcsine transform units (rau) to stabilize error variance (Studebaker, 1985) . Results on the CST, Pascoe's HFWL in quiet, and Pascoe's HFWL in noise scores were averaged within participants for each amplification condition ( Figure  7) . Similarly, results on the HINT and the ANL test were also averaged within participants for each amplification condition (Figure 8) .
Two, two-way repeated measures ANOVA were performed to evaluate the effects of receiver location on speech recognition in quiet. The dependent variable was CST score for one analysis and the Pascoe's HFWL score in quiet for the other analysis. For each analysis, the within-subject factor was amplification with three levels (unaided, RITA, and RITE), and the betweensubject factor was group with two levels (new users and experienced users). The Pascoe's HFWL in quiet analysis did not reveal significant differences between any experimental conditions (Table 3) . CST results revealed a significant amplification main effect and a significant amplification by group interaction (Table  3) . Paired samples t-tests were conducted to further investigate the amplification by group interaction controlling for family-wise error rate across the tests at the 0.05 level, using the Holm's sequential Bonferroni procedure. Results indicated that RITE scores were significantly better than unaided CST scores for the experienced users; however, no other comparisons were significant (Table 4) .
Three, two-way repeated measures ANOVA were performed to evaluate the effects of receiver location on speech recognition in noise and on the acceptance of noise. The dependent variable was HINT score and the Pascoe's HFWL score for the speech recognition in noise analyses and the ANL score for the acceptance Effects of Receiver Placement/Alworth et al of noise analysis. For each analysis, the within-subject factor was amplification with three levels (unaided, RITA, and RITE) and the between-subject factor was group with two levels (new users and experienced users). Analyses of the Pascoe's HFWL in noise results and the ANL results were not significantly different between experimental conditions (Table 3) . Results for the HINT revealed a significant amplification main effect (Table 3) . Paired samples t-tests were conducted to further investigate the amplification main effect controlling for family-wise error rate across the tests at the 0.05 level, using the Holm's sequential Bonferroni procedure. Results indicated that unaided scores were significantly better than both the RITA and RITE scores; however, scores were not significantly different between the RITA and RITE devices (Table 4) .
Subjective Measures
Abbreviated Profile of Hearing Aid Benefit (APHAB) Subjective performance was evaluated by administering the APHAB (Cox and Alexander, 1995) without hearing instruments and at the end of each six-week trial period for each participant. Scores on each APHAB subtest were then averaged within participants for each amplification condition (Figure 9 ). Prior to statistical analysis, individual percent-correct scores were converted to rationalized arcsine transform units (rau) to stabilize error variance (Studebaker, 1985) .
A three-way ANOVA was performed to evaluate the effects of amplification, APHAB subtest, and hearing instrument experience on subjective performance. The dependent variable was the percentage of problems reported on each APHAB subtest. The within-subject factors were amplification with three levels (unaided, RITA, and RITE) and APHAB subtest with five levels (EC, RV, BN, AV, and GB). The between-subject factor was group with two levels (new users and experienced users). The analysis revealed significant main effects for amplification, subtest and group as well as a significant amplification by subtest interaction (Table 5) .
Paired samples t-tests were conducted to further investigate the amplification by subtest interaction controlling for family-wise error rate across the tests at the 0.05 level, using the Holm's sequential Bonferroni procedure. Results indicated that scores for both the RITA and RITE instruments were significantly better than unaided scores on each APHAB subtest except Aversiveness; however, scores were not significantly different between the RITA and RITE instruments for any APHAB subtest (Table 6 ). These results indicated that experienced users reported significantly more problems on the APHAB than new users. Furthermore, each open canal instrument significantly improved subjective performance for users in both groups by comparable amounts.
Satisfaction Ratings
Subjective performance was also evaluated by having each participant rate their satisfaction with each instrument twice a week for each six-week trial period. Participants rated their satisfaction regarding sound quality (SQ), appearance (AP), retention and comfort (RC), speech clarity (SC), and ease of use and care (UC) using a five-point scale (1 5 extremely unsatisfied, 3 5 neutral, 5 5 extremely satisfied). Overall (OV) satisfaction was also determined by averaging the ratings across the five categories for each amplification condition. Some have argued that individual questionnaire items resulting in ordinal data cannot be accurately evaluated using parametric statistical methods. However, many statisticians-scientists disagree with this viewpoint (Velleman and Wilkinson, 1993) . Consequently, we have followed the opinion of Nunnally and Bernstein (1994) and used parametric analyses for the satisfaction ratings data.
Ratings on each satisfaction category were averaged within participants for each amplification condition (Figure 10) . A three-way ANOVA was performed to evaluate the effects of amplification, satisfaction category, and hearing instrument experience on satisfaction. The dependent variable was the satisfaction rating for each category. The within-subject factors were amplification with two levels (RITA and RITE) and category with six levels (SQ, AP, RC, SC, UC, and OV). The between-subject factor was group with two levels (new users and experienced users). The analysis revealed significant main effect for amplification and category as well as a significant amplification by category by group interaction (Table 7) .
Paired samples t-tests were conducted to further investigate the amplification by category by group interaction controlling for family-wise error rate across the tests at the 0.05 level, using the Holm's sequential Bonferroni procedure. Results indicated that new users reported significantly greater satisfaction for the RITE than the RITA for the AP category. Conversely, experienced users reported significantly greater satisfaction for the RITE than the RITA for the SQ, AP, SC, and OV categories (Table 8 ). These results indicated that the participants were more satisfied with the RITE than the RITA instruments; however, new users reported significantly more satisfaction with appearance while experienced users reported significantly more satisfaction with sound quality, appearance, and speech clarity, and overall.
Listener Preference
At the conclusion of the study, each participant indicated which hearing instrument they preferred when listening in quiet, in noise, and overall. Preference results were summed across participants and are displayed in Figure 11 . Three one-sample chi-square tests were then conducted to determine if receiver location affected preference in quiet, in noise, or overall. Results were significant for preference in quiet, x 2 (1, N 5 25) 5 6.760, p 5 0.009 and overall preference, x 2 (1, N 5 25) 5 6.760, p 5 0.009. The proportion of participants that preferred the RITE instrument was significantly greater than the hypothesized proportion of .5, while the proportion of listeners that preferred the RITA instrument was less than the hypothesized proportion of .5. These results suggested that participants preferred the RITE instruments in quiet and overall, but Lastly, participants rank ordered (1-5) the importance the following subjective factors had on determining overall preference: sound quality, appearance, retention and comfort, speech clarity, and ease of use and care. Importance rankings were averaged within category across the participants for each group ( Figure  12) . A one-way ANOVA was performed to evaluate the effects of the subjective factors on overall preference.
The dependent variable was the importance ranking for each subjective factor. The within-subject factor was subjective factors with five levels (SQ, AP, RC, SC, and UC). The analysis was significant [F(4,96) 515.746, p 5 0.000, partial h 2 5 0.396, Ω 5 1.000]. Paired samples t-tests were conducted to further investigate the main effect controlling for family-wise error rate across the tests at the 0.05 level, using the Holm's sequential Bonferroni procedure. Results indicated that subjective factors of sound quality, retention and comfort, and sound clarity were significantly more important in determining overall preference than appearance or use and care (Table 9) .
DISCUSSION Probe Microphone Measures
One purpose of the present study was to determine if receiver location affected occlusion and/or the reserve gain before feedback. Receiver-in-the-ear instruments typically occupy more space in the ear canal than RITA instruments due to the diameter of the actual receiver. Consequently, it was reasonable to hypothesize that measures of occlusion would be greater in RITE instruments than RITA instruments, thereby producing a more hollow voice quality. Results of this study indicated that RITE instruments resulted in higher levels of occlusion than RITA instruments; however, occlusion differences between the devices did not reach statistical significance at any frequency. Moreover, both devices produced occlusion effects of less that 5 dB (on average), which may be considered as negligible. Consequently, these findings suggest that RITE and RITA hearing instruments each successfully minimize the occlusion effect.
Probe microphone results also indicated that maximum gain before feedback was significantly greater with the RITE instruments than the RITA instruments at 4000 (4 dB) and 6000 Hz (6.5 dB). Maximum gain before feedback results were in agreement with previous research (Hallenbeck and Groth, 2008 ) that demonstrated an increase in maximum gain before feedback with RITE instruments at 2000 (5 dB) and 6000 Hz (6 dB). One possible explanation for the increased gain before feedback with the RITE instruments is the increased distance between the microphone and receiver. Although one study postulates this idea (Ross and Cirmo, 1980) , the gain at which feedback occurs is determined primarily by the acoustic leakage of the amplified signal from the relatively open canal to the hearing instrument microphone. In RITE and RITA instruments, the distance between the sound outlet in the ear canal and the microphone is virtually identical. As a result, it is unlikely that the increased gain before feedback obtained with the RITE instruments can be attributed to the increased distance between the receiver and microphone.
It is more likely that the higher gain before feedback with the RITE instruments can be attributed to the greater full-on-gain (FOG) at high frequencies. It should be noted that a clinical method of obtaining maximum gain before feedback was used in this study, in that the overall gain was increased until feedback was heard by the examiner or the participant. As a result, the frequencies that displayed a significant difference in maximum gain (4000 and 6000 Hz) were not typically the frequencies where the feedback occurred. Thus, it is possible that the RITA instruments simply had reduced sound transfer in the high frequencies at higher overall volume control settings due to the Effects of Receiver Placement/Alworth et al effects of the tubing, thereby reducing the maximum gain. It is also possible that peaks in the frequency response, associated with the use of the thin tubing, limited the maximum gain before feedback with the RITA instruments. In either case, participants were able to access more gain in the high frequencies with the RITE than the RITA instruments. Although differences in maximum gain before feedback observed in this research may seem trivial, it is possible that these results contributed to the overall preference for the RITE instruments. For example, each participant had access to a volume control for each sixweek trial period; therefore, listeners had increased access to high-frequency information (4000 and 6000 Hz) when using the RITE instruments than when using the RITA instruments. This idea is supported by previous research indicating that wider bandwidths are associated with improved subjective sound quality in normal-hearing listeners (Killion, 1979) . Furthermore, access to high-frequency amplification significantly improved objective performance in noise and subjective preference in quiet for listeners with varying degrees of mild-to-severe high-frequency hearing loss and was preferred overall when feedback was eliminated (Plyler and Fleck, 2006) . Taken together, these findings suggest that access to high-frequency amplification may be significantly improved when using RITE versus RITA instruments, and this additional access may significantly affect subjective outcome measures.
Performance Measures
A second purpose of the present study was to determine if receiver location affected measures of speech perception in quiet and/or in noise. Results in quiet indicated that CST scores were significantly better when Journal of the American Academy of Audiology/Volume 21, Number 4, 2010 using the RITE instruments than unaided for the experienced users; no other comparisons were significant. However, the average improvement was relatively small (3.4%); therefore, these effects may not be significant clinically and should be viewed with caution. Amplification did not significantly affect speech recognition in quiet probably due to ceiling effects evident in the unaided condition. For example, mean unaided CST scores were 93% correct for the experienced users and 97% correct for the new users. Similarly, mean unaided Pascoe's HFWL in quiet scores were 84 and 85% correct for the experienced and new users respectively. These high values suggested that listeners had broad access to speech cues necessary for accurate feature identification during the unaided condition when listening in quiet. As a result, speech recognition in quiet was not significantly affected with amplification.
Results in noise indicated that unaided HINT scores were significantly better than both the RITE and RITA scores; however, no other comparisons were significant. Acceptance of noise results were expected and were consistent with previous research indicating ANL values are unaffected by amplification (Nabelek et al, 2004) . Results for speech recognition in noise were more difficult to explain. For example, the addition of background noise reduced access to speech information for the unaided condition that was previously audible when listening in quiet, as unaided Pascoe's HFWL scores decreased by an average of 13% for both new and experienced hearing instrument users. Furthermore, probe microphone results (Figure 3 ) suggested amplification provided listeners with additional high-frequency information when using either instrument. Consequently, amplification should have improved access to highfrequency speech cues necessary for accurate feature identification, thereby improving speech recognition in noise. However, this was not the case, as speech recognition in noise was unchanged or was degraded when using either instrument.
Nonetheless, speech recognition in noise results were in agreement with findings from recent studies. In the present study, the average degradation in HINT performance was 1.4 dB when using either the RITE or the RITA instruments as compared to unaided performance. Similarly, previous research indicated that HINT performance was reduced by an average of 1.25 dB when using RITA instruments (Widex Diva élan SD-9Mé and Phonak miniValeo 101 AZ) (Klemp and Dhar, 2008) and by 0.2 dB when using RITE devices (Vivatone Dual 44) (Valente and Mispagel, 2008 ) as compared to unaided performance. Taken together, these results suggest that speech recognition in noise can be minimally, but significantly, degraded when using open-canal instruments with omnidirectional microphones. Effects of Receiver Placement/Alworth et al Klemp and Dhar (2008) attributed the reduced performance to the loss of high-frequency directivity of the open ear when using omnidirectional hearing aids. Research supports this idea in that HINT performance was improved by utilizing directional microphones by an average of 2.26 dB when using the RITA instruments (Klemp and Dhar, 2008) and by 1.7 dB when using the RITE instruments (Valente and Mispagel, 2008 ) as compared to unaided performance. Moreover, Valente and Mispagel (2008) suggested that directional microphones should be selected when using open canal instruments if a patient is to perceive improved hearing in noise.
Another possible explanation for these results, however, could be that the HINT was not sensitive to the effects being investigated. As noted by Klemp and Dhar (2008) , the candidate group for the open-canal hearing instrument is typically less affected by hearing loss and may perform at a higher level in the unaided condition than the traditional hearing instrument user. Consequently, it is possible that the small, although significant, differences in objective performance obtained in the laboratory in this and in previous research may or may not be indicative of performance differences obtained in more real world settings.
Subjective Measures
The third purpose of this study was to determine if receiver location affected subjective performance and/or listener preference. Results on the APHAB indicated that the percentage of problems was significantly better (lower) for both the RITE and RITA instruments than unaided for each APHAB subtest except Aversiveness; however, results were not significantly different between the RITE and RITA instruments for any APHAB subtest (Table 6 ). Furthermore, each open canal instrument significantly improved subjective performance for users in both groups by comparable amounts. Although objective evaluations failed to demonstrate aided benefit for either instrument type, both RITE and RITA instruments provided significant subjective benefit when assessed outside of the laboratory setting.
The APHAB results were in agreement with the findings of Valente and Mispagel (2008) who also noted that the percentage of problems were significantly better (lower) for RITE instruments than unaided on each APHAB subtest except Aversiveness. Participants in the Valente and Mispagel (2008) were all new hearing instrument users that completed the aided portion of the APHAB at the end of a four-week hearing instrument trial. Each hearing instrument was programmed with two programs: omnidirectional in one program and directional with a hypercardioid pattern in the second program. Consequently, the aided responses on the APHAB reflected the participant's impressions when using either program. Stated differently, it is not possible to determine if the subjective benefit was due to the use of the omnidirectional program, the directional program, or to having access to each program. In the present study, the aided responses on the APHAB reflected the participant's impressions when using omnidirectional microphones only. Aided benefit with the RITE instruments in this study was 12, 9, and 10% greater than the aided benefit reported by Valente and Mispagel (2008) for the EC, BN, and RV subtests respectively (AV results were 2% worse), despite the fact the unaided percentages of problems were similar between participants (within 3-6%). These results suggest that significant subjective benefit can be obtained using open-canal instruments in omnidirectional mode.
Although APHAB results indicated that both RITE and RITA instruments provided comparable amounts of subjective benefit to the participants, satisfaction ratings indicated that the participants were more satisfied with the RITE than the RITA instruments. Specifically, new users reported significantly more satisfaction with the appearance of the RITE instruments while experienced users reported significantly more satisfaction with sound quality, appearance, speech clarity, and overall for the RITE instruments. Satisfaction results were consistent with the listener preference results, in that significantly more participants preferred the RITE over the RITA in quiet and overall. In fact, 76% of the participants (19) selected the RITE at the conclusion of the study while only 24% (6) selected the RITA. Participants stated that subjective factors of sound quality, retention and comfort, and sound clarity were significantly more important in determining overall preference than appearance or use and care.
In an attempt to further explain the overall preference results, participants were regrouped based on overall preference, and their objective and subjective data were reanalyzed to determine if performance differences existed within each preference group. In other words, it was possible that participants that preferred the RITE had better results with the RITE and vice versa. Results of these analyses did not demonstrate significant differences in the objective evaluations or on the APHAB; however, satisfaction ratings and importance ranking data may be informative.
For participants that preferred the RITE instruments overall, all satisfaction ratings were higher for the RITE than the RITA, while the largest satisfaction ratings differences existed for retention and comfort (1.2) and appearance (1.0). For participants that preferred the RITA instruments overall, all satisfaction ratings were higher for the RITA than the RITE while the largest satisfaction ratings differences existed for retention and comfort (0.8) and sound quality (0.7). For the importance rankings, both groups selected the same three subjective factors but in different orders. For participants that preferred the RITE instruments overall, the most important factors were retention and comfort (2.2), sound quality (2.3), and speech clarity (2.4). For participants that preferred the RITA instruments overall, the most important factors were sound quality (1.3), speech clarity (2.0), and retention and comfort (2.8).
Further examination of the six participants that preferred the RITA instruments revealed that one participant had significant problems associated with retention with the RITE instrument. In addition, another participant reported complaints regarding the quality of his own voice when using the RITE instruments. Although probe microphone data did reveal more occlusion when using the RITE instruments for this participant; it is unclear if the complaints were attributed to the occlusion effect or simply due to differences in sound quality. The other four participants were new wearers and rated sound quality, speech clarity, and retention and comfort as the top reasons as to why they selected the RITA. Concordantly, those participants who selected the RITE reported the same three (SQ, SC, RC) top reasons when making their selection. Thus, it is reasonable to assume that overall sound quality, speech clarity, and retention and comfort of an openfit hearing instrument are unique to an individual and are the key factors in determining the overall preference between open canal instruments.
Previous Experience
The last purpose of this research was to determine if receiver location effects were related to previous open canal hearing aid experience. Objective evaluations demonstrated that CST scores were significantly better when using the RITE instruments than unaided for the experienced users; however, no other group comparisons were significant. As noted previously, however, the average improvement was relatively small (3.4%); therefore, these effects may not be significant clinically and should be viewed with caution.
Although subjective evaluations demonstrated that experienced users reported significantly more problems on the APHAB than new users (9%), subjective benefit was comparable for each group. Overall preference results were similar for each group as well. For example, the RITE instruments were preferred by 80% of the experienced users (8 of 10) and 73% of the new users (11 of 15). Taken together, these results suggest that the effects of the receiver location were not related to previous hearing instrument experience.
Clinical Implications
Although no occlusion differences were noted between instruments, the RITE did demonstrate a significant difference in maximum gain before feedback at 4000 and 6000 Hz. Clinically, if a patient has a higher degree of loss in these frequencies, then a RITE instrument may be more appropriate than a RITA. Objectively, no positive benefit was noted between unaided and aided conditions on speech recognition tests. These results suggest that such testing may not be sensitive enough to affectively determine aided benefit with open canal instruments. However, the subjective measures (APHAB and subjective ratings) did indicate aided benefit for both instruments when compared to unaided. This further suggests the clinical importance of subjective measures as a way to measure aided benefit of open-fit devices.
Recall that receiver location did affect the overall preference of the participants within this study, as 76% selected the RITE over the RITA. Results of this study further revealed that the overall preference for either the RITE or RITA instruments was influenced by the same three categories: sound quality, speech clarity, and retention and comfort. Thus, it may be very beneficial for the clinician to demonstrate each type of instrument for a new patient as the subjective interpretation of these categories are important in determining overall preference.
CONCLUSION
O bjectively, the results of this study did not indicate a significant difference between unaided and aided conditions on speech recognition tests. These findings are consistent with prior research (Ricketts et al, 2003; Fabry, 2006; Klemp and Dhar, 2008) . However, subjective benefit was noted in both aided conditions by participants. Thus, although omnidirectional technology may not have revealed aided benefit on speech recognition tasks, subjective benefit was noted. Consequently, one plausible explanation for these results may be that objective speech recognition tests are not sensitive to the aided benefit the listener reports when fitting open canal hearing instruments. These findings should be taken with caution, in that all participants of this study were evaluated in omnidirectional mode with all other features of the hearing instruments deactivated. Also, results of this study are based on a single comparison of RITA and RITE devices within the same manufacturer and are limited with a small sample size. Therefore, future research should examine RITA and RITE instruments across manufacturers with directional technology with other features activated in a larger sample size.
